were based on the electrostatic properties of the samples, but today, they detect fluorescence. The determination of both the volume and complexity of samples was also limited in early equipment. Today, the evolution of systems integrating fluidics, optics and electronics allows the determination of multiple parameters in a complex population. Therefore, to understand the evolution of flow cytometry technology, it is necessary to become familiar with the technology utilized in current equipment.
Current Technology
Current flow cytometry equipment contains three basic component systems: fluidics, optics and electronics [4] . In cytometry systems, the fluid systems comprise the pump, pipelines, valves and chambers that are used for pressurizing, organizing and directing the buffer containing the cells. The fluid system arranges the samples by hydrodynamic focusing tailored for different flow characteristics. Once organized, the cells are directed to the interrogation point in the flow chamber, where they are intercepted by one or more lasers. After this point, cells can be separated and recovered within the cell-sorter equipment or discarded, depending on the equipment characteristics and/or experimental need. The interrogation point is the intersection between the fluid system and the optical system. In general, flow cytometry equipment uses diode lasers, lamps (typically mercury or xenon), or elements such as argon, HeNe, and HeCd as the emission source. The lens and prism system focuses these laser beams at the interrogation point where the laser intersects with the cells or particles. This laser incidence results in refraction and/or diffraction of a light beam. The sample size and complexity of features are directly related to the amount of redirected light. Flow cytometers use photodetectors or photomultipliers to detect the laser; light refracted at small angles (<30º) is correlated with cell size, while light refracted at larger angles (>30º) is correlated with the internal complexity of the cells. Additionally, the lasers excite fluorescent molecules. One of the advantages of current flow cytometry is the ability to analyze multiple factors present in cells or particles in suspension at a high resolution. To perform these multiparametric analyses, photoexcitable chemical compounds, proteins, or nanomaterials can be employed. These fluorescent agents (or chromogens) can be conjugated to antibodies (for recognition marker proteins) or can be dyes delivered directly into cells as markers of macromolecules such as DNA, lipids or proteins, or as byproducts of other chemical interactions. Regardless of the form of the chromogen, flow cytometry can be used to detect the light signal emitted by the compound at the laser interrogation point. This light is filtered, and specific emission wavelengths are detected by a photomultiplier. This captured light is then converted into electronic signals that are translated as mathematical values representing fluorescence intensity by the electronics system of the flow cytometer. The electronics system is therefore responsible for capturing the light signal and converting it into electrical pulses (similar to those described by the Coulter principle in early flow cytometry). This electronic signal gives rise to an array of dimensionless values related to the intensity of the light emitted, which are made available to the user in dot plot or histogram format. Using these graphs, the user can visualize the layout of average fluorescence intensity (MFI) or the percentage of cells (or particles) positive and negative for each marker [4] . Using the analysis strategies of exclusion and inclusion population gates, the user may determine the parameters of interest for the analysis of flow cytometry data.
Evolution of Flow Cytometry
Several important developments in flow cytometry technology are in use today. The use of more robust photodetectors and new laser emitters, the use of LED lamps as emitter, and changes in analytical capacity (multidimensional analysis software) are examples of recent improvements. Although these represent important advances, a major overhaul in flow cytometry consists of new approaches combining existing technologies with routine laboratory procedures, such as imaging. This makes possible the acquisition of images of cells in real time as they pass by the interrogation point. At this point, the presence of target markers is assessed, and the subcellular localization of these markers can be imaged. Although imaging during cytometry has long been proposed [5] , it is not yet widely used by research laboratories, probably due to the low image resolution. However, over the last 10 years, technology has advanced to the point where it is now possible to resolve some of the issues with this approach. Another technology that is already a reality but that is not yet widespread is flow cytometry accompanied by mass spectrometry (by time-of-flight, or TOF). Relatively recently [6] , the mass cytometry approach has been characterized by coupling with a fluid flow cytometry system, which allows the separation and organization of cells in suspension with the resolution of mass spectrometry. Using antibodies labeled with nonfluorescent heavy metals, cells are separated one-by-one and injected into an ionization chamber, where the metals bound to antibodies are identified by their TOF characteristics. This is not yet a widely used technology, but some researchers believe it will be possible to simultaneously assay up to 100 markers in each cell by mass cytometry. using flow cytometry techniques. Publications in the fields of hematology [7] , immunology [8, 9] , pathology [10] , calcium processing [11] , immunophenotyping [12] , and others [13] [14] [15] highlight the breadth of cytometry applications. In addition to clinical applications, fields such as food science [16] , environmental science [17] , botany [18, 19] , aquatic microbiology [20] , veterinary science [21] , and physics [22] have benefited from this technology. This shows the broad reach of flow cytometry techniques, which can assist with data collection in many different fields. These flow cytometry data are generated by specific fluorescence markers and can be analyzed in two ways: by obtaining either the percentage or the MFI of cells for the markers of interest. The data types are correlated and are not redundant. The determination of the percentage of cells enables the separation of positive and negative populations that express a marker of interest in response to a treatment. This percentage may be further correlated with morphological changes (i.e., the size and complexity of cells) and other markers of interest. The number of markers used directly influences this correlation. In a simple experimental model, flow cytometry data obtained for three specific markers yielded 40 different correlations in each of the cells acquired during data collection. Additionally, determining the MFI allows the observation of different concentrations of a marker present in the target cells. For example, a particular protein may be overexpressed under certain experimental conditions and even under control conditions. These characteristics demonstrate that with a relatively low investment, it is possible to obtain detailed data using current flow cytometry technology. The flow cytometry technology available today includes different devices with several configurations. Commercially available equipment can now be equipped with anywhere from one laser, which can determine five parameters, to 5 lasers, which can determine up to 20 parameters simultaneously. Additionally, flow cytometry technology is evolving to enable the acquisition of a greater number of parameters in the same sample.
Conclusion
Flow cytometry has evolved from its inception by Coulter in the 1950s to the indispensable multiparametric analysis platforms in use today. As described in this review, many options are available today, including different laser configurations and many photodetectors. The use of antibodies and other markers to label different cellular characteristics is now a reality and allows a thorough analysis of cellular systems. These parameters can be analyzed under different conditions (i.e., MFI and/or percentage) and can be correlated with the biological and/or biochemical changes in the samples. Examples of how flow cytometry has enhanced the understanding of complex systems abound. Additionally, flow cytometry is a frequent target of technological (i.e., image flow cytometry and CyTOF) methodological developments. Today the application of flow cytometry is limited only by the researcher's creativity.
